ABSTRACT. Evaluation of the physiological potential of maize seeds during the certification process is performed by a germination test. However, some tests show a delay in the growth of aerial seedling organs that does not reflect seed lot behavior in the field. This study aims to investigate the effects of genotype, water, light and temperature on differential primary leaf growth compared to coleoptile length in maize seedlings. Seeds from two simple hybrids and their reciprocal crosses that showed slow primary leaf growth were evaluated according to physiological quality, morphology, histochemistry, and enzymatic expression. There were differences among maize genotypes regarding initial primary leaf growth when compared to the coleoptile, especially when germination was tested without light. Water availability and optimal temperature range did not affect the differential growth of the primary leaf in the hybrids. Pericarp thickness, lignin content and differences in enzyme expression in different genotypes were also not related to changes in the relationship of primary leaf growth with coleoptile length during the maize seed germination test.
Introduction
The germination test is the typical way to evaluate the physiological potential of maize seeds during the certification process (minimum 85% germination according to the commercialization standards established in normative instruction 45 and law 10 711). The germination percentage is determined by the number of normal seedlings at the end of the test, which is carried out under optimal conditions for germination. At the time of the evaluation, seedlings should contain all the essential structures, allowing the analyst to judge the possibility of that seedling to continue its development and become a productive plant.
One of the reasons that a maize seedling may be considered abnormal is the size of the primary leaf compared to the coleoptile length. If the primary leaf is less than half the coleoptile length by the time of the assessment, the seedling is considered abnormal (Brasil, 2009) . In some genetic backgrounds, it has been observed that seedlings exhibit delayed growth of aerial structures, specifically the primary leaf, which leads them to be classified as abnormal seedlings and adversely affects germination test results. These results, however, do not always reflect the performance of seed lots in the field.
The growth rates of primary leaf and coleoptile may vary in some cases; they are both genetically controlled and influenced by environmental conditions during germination (Kurtyka, Burdach, & Karez, 2011) . This study aims to investigate the effects of genotype, water, light, temperature and chemical treatment on the differential growth of primary leaf in relation to coleoptile length in maize seedlings.
Material and methods
Seeds from two simple hybrids and their reciprocal crosses were used. All demonstrated slow primary leaf growth. Simple hybrid 1 was the product of Line A x Line B, and hybrid 4 was its reciprocal cross (Line B x Line A); simple hybrid 2 was the product of Line A' x Line C, and hybrid 3 was its reciprocal cross (Line C x Line A'). Lines A and A' were from the same genetic background but carried different trans genes. The seeds to be evaluated (classified in sieve 22) were obtained from the four hybrids at the same time and under the same climate conditions. Assay 1: A germination test was used to assess the effect of water, light, temperature and hybrid origin. The seeds were placed on paper towel substrate (Germitest) moistened with a volume of distilled water in an amount equal to 2.0, 2.5, and 3.0 times the paper weight at temperatures of 20°C, 25°C, and 30°C and in a 20-30°C range. The seeds were subjected to two treatments, one dark and the other with 12 hours of dark and 12 hours light. The factorial design used was 4 x 3 x 4 x 2 (4 hybrids, 3 volumes of water, 4 temperatures, and 2 light conditions) in a completely randomized design with four replicates of 25 seeds per treatment. Evaluations were performed four, five, six and seven days after sowing. The data collected were the number of normal seedlings (at four and seven days), the number of seedlings with primary leaf growth less than 50% of coleoptile length, and the number of seedlings with primary leaf growth between 50% and 75% of coleoptile length. The data were evaluated for data normality and homogeneity of variance among treatments. A normal data distribution was found only for the normal seedlings. Then, a constant value equal to 3 was added (Lucio, Couto, Lopes, & Storck, 2011; Yakamura, 1999) , and the Box-Cox transformation was performed (Box & Cox, 1964) . After processing, the results were subjected to analysis of variance and means compared with a significance level of 5% by the Scott-Knott test using SISVAR ® software (Ferreira, 2011) .
Assay 2:
A germination test was performed in sand (TGA). The test was carried out in germination chambers with 25°C temperature and a photoperiod of 12 hours light and 12 hours lightless. Seeds of the four hybrids were sown in trays with sand that had been sieved, washed and sterilized (autoclaved to one atmosphere and 120°C for sixty minutes) with water equivalent to 60% of field capacity in a completely randomized design with four replicates of 25 seeds per treatment. Evaluations were performed at three, five and seven days. The data collected were the number of normal seedlings and the number of seedlings with differential primary leaf growth in relation to coleoptile length. The data were evaluated for data normality and homogeneity of variance among treatments and then subjected to analysis of variance and means compared with a significance level of 5% by the Scott-Knott test using SISVAR ® software (Ferreira, 2011) . Assay 3: Seed pericarp thickness was assessed. Sections were made in the middle region of the seeds of each hybrid and reciprocal cross using a microtome (Olympus CBL, model BX60). Five replicate sections of approximately 20 microns were obtained for each material. The sections were dyed for 60 seconds with three drops per replicate of1% Saflablau (0.9% Astra + 0.1% Safran). Images of the pericarp were obtained using a stereoscopic microscope adapted with a camera. The pericarp thickness was measured with Image J® software (Rasband, 2012) . The measurements obtained were submitted to analysis of variance and means compared with a significance level of 5% by the Scott-Knott test using SISVAR ® software (Ferreira, 2011) .
Assay 4: Histochemical analysis was performed to evaluate lignin deposition on the coleoptile wall. Seedlings with four days of growth were sectioned transversely at the transition region between the coleoptile and first leaf in a table microtome and stained with phloroglucinol solution (1 g 100 ml -1 ) for 5 minutes. An unstained section was used as control. The slides were evaluated in a stereoscopic microscope. Evaluation of lignin deposition in the coleoptile wall was visually performed in all five replicates.
Assay 5: The expression of α-amylase and β-amylase enzymes was evaluated using the following samples for all hybrids: ten seeds soaked for 72 hours, ten dry seeds and ten seedlings with four days of growth. The seeds and seedlings were homogenized with liquid nitrogen and stored in a freezer at -81°C until analysis. Extraction of β-and α-amylase and gel development were performed according to Alfenas (2006) .
Results and discussion
The classes of maize seedlings observed in the germination assessments are shown in Figure 1 . Slow development of the primary leaf in relation to the coleoptile is shown in Figure 1A , with primary leaf growth less than 50% of coleoptile length. Assay 1: The 'normal seedling' group showed significant interaction effects of hybrid identity and temperature in the germination test at the fourth day. Lower germination rates were observed at 20°C for hybrids 2 and 3 (Table 1) . According to Zucarelli, Cavariani, Oliveira, and Nakagawa (2011) , temperatures below the optimum recommended for maize seed germination slow down the imbibition process. Lower temperatures also enable difficulties in the reorganization of cell membranes and consequently cause delays in germination (Carvalho, Sediyama, Reis, Dias, & Moreira, 2009) , influenced by physiological quality and the genotype (Grzybowski, Vieira, & Panobianco, 2015) . Means followed by the same lowercase letter (in columns) or the same capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.
There was also a triple interaction among hybrid identity, temperature and light conditions for seedlings with primary leaf growth less than 50% of coleoptile length. In Table 2 , the seeds of hybrid 4 showed more seedlings with primary leaf growth less than 50% of coleoptile length when subjected to temperatures of 30°C or a range from20-30°C under lightless conditions. The results contradict the findings of Deng, Yang, Zhang, and Li (2015) and Zucarelli, Cavariani, Portugal, and Nakagawa (2008) that the temperature of 30°C was more suitable for germination and growth of maize seedlings. Means followed by the same lowercase letter (in columns) or the same capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.
In the 'seedlings with primary leaf growth between 50 and 75% of coleoptile length' group, there was a significant interaction between hybrid identity and light conditions. In lightless conditions, hybrid 3 presented the lowest percentage of seedlings with primary leaf growth between 50% and 75% of coleoptile length. Under light, only hybrid 4 showed any seedlings with this characteristic (Table 3) . Lima, Santos, and Melo (2010) found that maize plants grown in light less conditions developed an elongated mesocotyl and coleoptile and had primary leaves rolled inside the coleoptile. Table 3 . Percentages of maize seedlings with primary leaf growth between 50 and 75% of coleoptile length, assessed at the fourth day after sowing.
Hybrid
Light Lightless 1 0 bB 5 aA 2 0 bB 4 aA 3 0 bA 0 bA 4 4 aA 4 aA CV (%) = 2.87
Means followed by the same lowercase letter (in columns) or the same capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.
In the 'seedlings with primary leaf growth less than 50% of coleoptile length' group after five days, only hybrid identity was a significant factor, indicating the influence of genotype on uneven growth. The highest percentage of seedlings with primary leaf growth less than 50% of coleoptile length at five days was observed for hybrid 4 (Table  4 ). According to Mertz et al. (2009) and Nerling, Coelho, and Nodari (2013) , the physiological qualities of seeds are genetically inherited from their parents, so different hybrids of the same species may show varying vigor, germination and emergence in the same production conditions. Table 4 . Percentages of maize seedlings with primary leaf growth less than 50% of coleoptile length, assessed at the fifth day after sowing.
2 a CV (%) = 1.51
Means followed by the same letter do not differ by the Scott-Knott test at 5% probability.
In the seedlings with primary leaf growth between 50% and 75% of coleoptile length' group after five days, there was a significant quadruple interaction among hybrid identity, water, temperature and light conditions. A higher percentage of seedlings with primary leaf growth between 50% and 75% of coleoptile length was observed for hybrid 4 in lightless conditions (Table 5 ). Because the percentage of seedlings with primary leaf growth between 50% and 75% of coleoptile length varied on the fifth day after sowing, it was not possible to determine what temperature or volume of water had the best effect on germination. Means followed by the same lowercase letter (in columns) or the same capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.
In the 'seedlings with primary leaf growth less than 50% of coleoptile length' group after six days, there was a significant triple interaction among hybrid identity, temperature and water. Hybrid 4 presented the highest percentage of seedlings with primary leaf growth less than 50% of coleoptile length at a temperature of 25°C or range of 20°C to 30°C and water volume 3.0 times the paper weight (Table 6 ). This result differs from the findings of Lipchinsky, Sharova, and Medvedev (2013) , who reported that decreased temperature caused an instant stretching of the coleoptile's cell wall. Table 6 . Percentages of maize plants with primary leaf growth less than 50% of coleoptile length, assessed at the sixth day after sowing. Means followed by the same lowercase letter (in columns) or the same capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.
In the 'seedlings with primary leaf growth between 50% and 75% of coleoptile length' variable was a significant interaction between temperature and light. The highest percentage of seedlings with primary leaf growth between 50% and 75% of coleoptile length occurred at 20°C in the absence of light, six days after sowing (Table 7) . Sbrussi and Zucarelli (2014) reported that temperatures below 20°C caused the absence of normal seedlings across different lots of maize seeds due to delayed germination. Zucarrelli et al. (2008) observed that a temperature of 20°C reduced the development of the aerial structures of maize plants when compared with seedling development at 30°C. Means followed by the same lowercase letter (in columns) or the same capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.
In the 'normal seedling' group after seven days, hybrid identity showed a significant effect. The percentage of normal seedlings was lower for hybrid 2 (Table 8) . Means followed by the same letter do not differ by the Scott-Knott test at 5% probability.
At seven days after sowing, there were no seed lings with primary leaf growth less than 50% of coleoptile length.
For the 'seedlings with primary leaf growth between 50% and 75% of coleoptile length' group there was a significant quadruple interaction among hybrid, temperature, water and light. The highest percentage of seedlings with primary leaf growth between 50% and 75% of coleoptile length was observed in hybrid 4,followed by hybrids 2 and 3, which had a higher percentage of this seedling type than hybrid 1 (Table 9) under light less conditions with water quantity 2.0 to 3.0 times paper weight. This was also observed by Ávila, Braccini, and Scapim (2007) , who reported a reduction in the length of maize plants when water availability was reduced. However, according to Yap (1981) , an excess of water is also detrimental to the development of maize seedlings. It was not possible to determine which temperature showed the largest percentage of seedlings with this feature, since such seedlings were observed at all temperatures.
According to the Brasil (2009) germination test for maize seeds, normal seedling evaluation is performed between the fourth and the seventh day after sowing. Due to the results observed in this test, it is recommended that an evaluation at seven days be performed for hybrids with differential growth, in order to prevent inaccurate reports. It is noteworthy that most seed companies perform only one count at five days which could affect the test results.
Assay 2: In the sand germination test (TGA) three days after sowing, the lowest percentage of normal seedlings was observed for hybrid 3. However, at the fifth and the seventh day there was no difference in the percentage of normal seedlings among all hybrids (Table 10 ). In sand substrate, 100% of seedlings had emerged at seven days, and in this test no seedlings with abnormal primary leaf growth in relation to the coleoptile were observed. This fact shows that although these seeds presented delays in aerial organ growth, those results do not reflect the performance of the hybrids in the field, where despite the delay they produce healthy plants. Conceição et al. (2012) also failed to differentiate maize seed lots through the sand germination test, emphasizing the need for adequate choice of substrate in the germination test, especially for differential growth materials. Table 9 . Percentage of maize seedlings with primary leaf growth between 50% and 75% of coleoptile length, assessed at the seventh day after sowing. Means followed by the same lowercase letter (in columns) or the same capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability. Means followed by the same letter in columns do not differ by the Scott-Knott test at 5% probability.
Assay 3:
In the histological analysis, differences were observed in the pericarp thickness of hybrid seeds. Hybrid 1 showed greater thickness (Table 11) . When working with reciprocal maize crosses, José, Von Pinho, Von Pinho, Ramalho, and Silva (2005) also reported differences among the pericarp structures, corroborating the results obtained in this experiment. According to Tracy and Galinat (1987) , the thickness and density of the cell walls in the pericarp vary among maize genotypes, affecting seed quality and germination.
However, the hybrid with the highest pericarp thickness was not the hybrid that showed slow primary leaf growth. There was no difference in the pericarp thickness of the hybrid 4 that could explain its greater susceptibility to differential primary leaf growth compared to the coleoptile. Thus, it was found that the pericarp did not present resistance to the germination of hybrid maize seed and did not influence differential primary leaf growth compared to the coleoptile. Means followed by the same letter do not differ significantly by the Scott-Knott test at 5% probability.
Assay 4:
In the histochemical test, it was observed that the four hybrids showed a small amount of lignin in the cell wall of the coleoptile (Figure 2 ). Musel et al. (1997) also observed the presence of lignin in the coleoptile cell wall of maize seedlings and considered its presence a potential regulator of coleoptile growth. However, Hohl, Greiner, and Schopfer (1995) observed that the elongation of the coleoptile was not affected by lignification of the wall. In this work, despite the finding of lignin in the hybrid seedlings' coleoptile walls, it was not possible to say that the presence of lignin was responsible for differential growth of primary leaf in relation to the coleoptile of maize seedlings, because lignin was present in all hybrids.
Assay 5: As shown in Figure 3 , dry seeds possessed low expression of α-amylase in all hybrids. However, the expression of this enzyme was observed in soaked seeds. According to Silva-Neta et al. (2015) , α-amylase activity is higher after root protrusion, because it increases the available reserves to promote seedling growth. Soaked seeds from hybrid 1 showed the lowest expression of α-amylase and soaked seeds from hybrid 3 and 4 showed the highest expression of this enzyme. According to Oliveira et al. (2013) , genotypes with greater expression of α-amylase enzyme can easily provide carbohydrates to the embryo, resulting in higher germination and vigor. However, in this study, hybrid 4, despite having the highest activity of α-amylase enzyme, was also the hybrid with the highest percentage of seedlings with slow growth of aerial organs. In seedlings with four days of growth, the expression of α-amylase enzyme was lower than in soaked seeds. Seedlings from hybrid 1 had the highest expression of this enzyme, and seedlings from hybrid 4 had the lowest expression. Enhanced expression of β-amylase enzyme occurs in dry seeds (Figure 4) , where this enzyme is preexisting. The expression of this enzyme was greater in dry seeds of hybrid 3 than in the remaining hybrids. Seeds from hybrid 4 showed very little expression of β-amylase, even when dry. In soaked seeds, the expression of β-amylase was lower than in dry seeds, but the enzyme was still present. In soaked seeds from hybrids 1, 2, and 3 the expression of this enzyme was higher than in hybrid 4. As expected, there was no expression of β-amylase enzyme in seedlings with four days of growth; the β-amylase enzyme is preexisting in dry maize seed and assists in immediate starch hydrolysis after soaking, until α-amylase is synthesized again. 
Conclusion
There are differences among hybrid maize genotypes regarding the initial growth of primary leaf in relation to coleoptile, especially under lightless germination conditions.
Water availability and temperatures within the optimal range (20° to 30°C) do not affect the response of these hybrids in relation to differential growth of the primary leaf.
Pericarp thickness, lignin content and differences in enzyme expression among different genotypes are not related to changes in the relationship of primary leaf growth to coleoptile length during the maize seed germination test.
